WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H05B 33/12 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/28946 

2 July 1998 (02.07.98) 



(21) International Application Number: PCT/US97/23635 

(22) International Filing Date: 23 December 1997 (23.12.97) 



(30) Priority Data: 

08/772,333 



23 December 1996 (23.12.96) US 



(71) Applicants: THE TRUSTEES OF PRINCETON. UNIVER- 

SITY [US/US]; P.O. 3ox 36, Princeton, NJ 08544 (US). 
THE UNIVERSITY OF SOUTHERN CALIFORNIA 
[US/US]; The University of Southern California Park, Los 
Angeles, CA 90089 (US). 

(72) Inventors: THOMPSON, Mark, E.; 4447 Pepper Creek Way, 

Anaheim Hills, CA 92807 (US). FORREST, Stephen, R.; 
148 Hunt Drive, Princeton, NJ 08540 (US). 



(74) 



MEAGHER, Thomas, F. et al.; Kenyon & Kenyon, 
One Broadway, New York, NY 10004 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, IMC, EE, ES, FI, GB, GE, 
GH, GW, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT. LU, LV, MD, MG, MK, MN, MW, MX, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK. SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, AR1FO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MULTICOLOR DISPLAY DEVICES 



20 



if. 




25 



25 



•23 
22 



B 



(57) Abstract 

A multicolor display device includes a transparent substrate (29, red and green fluorescent dyes (21) ink jet printed onto the substrate, 
a cdrtductive layer (71) riflrraftrrirfl^rij^^ emitting layer (24) deposited over the conductive layer, 

'and an electrical omteet dep<»h^OTto'<he blue light eimmng laye^"^^* 5 
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MULT I COLOR DISPLAY DEVICES 

Field of the Invention 

This invention relates to display devices, and more 
5 particularly to multicolor display devices having 

fluorescent dyes deposited by ink jet printing. 

Background of the Invention 

Display devices utilizing fluorescent media capable 
of absorbing light and emitting it at a longer wavelength 
are known. See, e.g., U.S. Patent No. 5,294,870 to Tang 
et al., entitled "Organic Electroluminescent Multicolor 
Image Display Device," the entire disclosure of which is 
hereby incorporated by reference. However, the 
fluorescent media in such devices are deposited using 
patterning techniques such as photolithography which are 
costly to perform. Hence, there exists a need for a 
method by which fluorescent media can be inexpensively 
and accurately deposited on a substrate to produce a 
multicolor display . device . 

Summary of the Invention 

The present invention is directed to display 
devices, each comprising a substrate and fluorescent dye 
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substrate. The red and green light emitting regions are 
formed by ink jet printing red and green fluorescent dyes 
onto the substrate. No ink is deposited in the blue 
light emitting regions. Rather, the blue light emitting 
5 regions are left as empty spaces while the red and green 

fluorescent dyes are printed. After the red and green 
dyes are printed, a layer of transparent, conductive 
material is deposited over the red and green dyes and the 
empty spaces left for the blue light emitting ^egions. A 

10 layer of organic, blue light emitting device (OBLED) is 

thereafter deposited onto the layer of transparent, 
conductive material. Electrical contacts are then placed 
on the OBLED in each of the red, green and blue light 
emitting regions, to facilitate the application of 

15 voltage across the OBLED. The OBLED produces a blue 

emission in the blue light emitting regions, and further, 
stimulates fluorescent emission in the red and green 
light emitting regions thereby creating a luminous color 
display. In this embodiment, the red and green dyes 

20 preferably have strong absorption in the blue, and 

preferably further have high blue-to-red and blue-to- 
green conversion efficiencies. 

In a further embodiment of the present invention, 
red, green and blue light emitting regions are ink jet 

25 printed in the form of pixels onto a transparent 

substrate. Each pixel has one of each of a red, green and 



3^ blue light emitting region. This fourth embodiment is 



made in a manner similar to the third embodiment, the 
primary difference- being that the light emitting regions 
30 of the fourth embodiment are arranged in tri-color pixels 

whereas the light emitting regions of the third 
embodiment are arranged in some predetermined 
configuration . 
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comes into contact. 

The amount of host matrix is ordinarily selected to 
yield a viscosity compatible with the ink jet printing 
process and preferably ranges from about 2 to about 7 
5 wt%. The amount of dye is selected such that it is 

present in an amount sufficient to giv<^ jood color 
intensity, while not being so high that the dye molecules 
begin to aggregate reducing luminescence intensity. 
Preferred amounts of dye range from about 0.1 to about 6 

10 wt% of the matrix. 

In general, liquid inks of the present invention 
contain one or more dyes that fluoresce in red, green or 
blue, which are used to generate a luminescent region of 
the appropriate hue. The color of the luminescent region 

15 is dictated by the fluorescence energy of the dye and the 

relative proportions of the same. The dyes are 
preferably chosen to optimize the saturation (i.e., 
narrow lines at about 460, 520 and 650 nm for blue, green 
and red, respectively) , giving a wide color range for the 

20 devices to be manufactured. 

Preferred dyes with predominantly blue emission 
include : 8-anilino-l-napthalenesulf onic acid, 
1, 3-diphenyl-l, 3-butadiene, diphenylhexatriene , 
Hoescht 33258, Hoescht 33324, thioflavin T, 

25 diamidino-2-phenylindole*2HCL, coumarin 152, coumarin 20, 

coumarin 2, coumarin 339, coumarin 1, coumarin 138, 
coumarin 102, coumarin 314, and coumarin 30. 

Preferred dyes with predominantly green emission 
include: acridine orange, aeridine yellow, aeriflavin, 

30 dichlorof luorescene, 3, 6-diaminoacridine, 

f luoresceneisothiocyanate, lucif er yellow, 
quinacrinerhodamine 123 , quinacridone, 
dimethylquiancridone, fluorescene, rhodamine 110, 
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material that can be used as a hole transporter in OLEDs 
and has its maximum absorption in the UV part of the 
spectrum- The choice of matrix materials will depend, 
among other things, on the stability of the different 
materials under printing conditions, their ability to 
transmit the ultraviolet light that is used to fluoresce 
the dyes as well as the light produced by the dyes, and 
their ability to resist phase separation and stabilize 
the dyes with respect to aggregation. 

The wavelength of the radiation used to fluoresce 
the dyes is preferably maximized to reduce its energy 
(and thus its tendency to degrade the display) , but must 
be of greater energy than the light produced by the dyes. 
For this reason, the wavelength of the radiation is 
usually in the blue to near-UV range. 

The substrate should be dimensioned such that it is 
flexible enough to accommodate its use in an ink jet 
printing device and should efficiently transmit 
ultraviolet -radiation, visible- radiation or both, 
depending on the application. The substrate preferably 
transmits visible and near ultraviolet radiation, while 
filtering out higher energy ultraviolet radiation. 
Preferred materials are flexible polyester and glass 
films (such as Pyrex™) , with glass being more preferred 
due to its low oxygen permeability. 

A first embodiment of the present invention is shown 
in Figure 1. In this embodiment, a luminous color 
display (10) is made by ink jet printing regions of 
fluorescent dye (11) onto the front surface of a 
substrate (12) . The front surface of substrate (12) is 
thereafter exposed to blue or UV radiation, thus 
stimulating fluorescent emission of dye (11) . The color 
of the dye. region -upon exposure can be controlled -by 
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region. 

Additional embodiments of the device structure of 
the present invention are constructed based on the 
arrangements shown in Figure 2. In these embodiments, 
red and green fluorescent dyes (21) are ink jet printed 
onto a transparent substrate (22) such as glass; a 
transparent, conductive layer (23) is deposited over the 
red and green dye; an organic blue light emitting device 
(OBLED) layer (24) is deposited over the transparent, 
conductive layer; and electrical contacts (25) are 
deposited onto the OBLED layer. 

A preferred material for the transparent, conductive 
layer (23) is indium-tin oxide (ITO) . One desirable 
property indium-tin oxide is its ability to filter out 
destructive, high energy ultraviolet radiation, while 
being transparent to visible and near-ultraviolet 
radiation . 

Layer (23) can be formed by means of conventional 
sputtering or electron beam vapor deposition methods, and 
typically ranges in thickness from about 1000 to about 
4000 A. Below a certain thickness the resistance of the 
layer will begin to suffer, while above a certain 
thickness marginal utility becomes negligible. The 
deposition of layer (23) is preferably conducted under 
vacuum. 

After conductive layer (23) is deposited, OBLED 
layer (24) is preferably deposited by thermal evaporation 
methods to a thickness which is often 400-1000A. The 
ultimate thickness will depend upon the OBLED. 
Preferably, this thickness will be as thin as possible to 
lower the voltage of the device, without significantly 
compromising quantum efficiency. The deposition of layer 
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which are fluorescent in the solid state may be used for 
layer (24) . Examples of such polymers include 
poly (phenylene) , and poly (N-vinylcarbazole) . 

Additional OLED materials are known i~ "he art (see, 
e.g., U.S. Patent No. 5,294,870 to Tang et al., entitled 
"Organic Electroluminescent Multicolor Image Display 
Device"; Hosokawa et al., "Highly efficient blue 
electroluminescence from a distyrylarylene emitting layer 
with a new dopant," Appl. Phvs, Lett. . 67 (26) 25 
December 1995, pp. 3853-3855; Adachi et al . , "Blue light- 
emitting organic electroluminescent devices," Appl. Phvs. 
Lett. , 56 (9) 26 February 1990, pp. 799-801; Burrows et 
al., "Color-Tunable Organic Light Emitting Devices," 
Appl. Phvs. Lett. , Vol. 69, 11 November 1996, pp. 2959- 
2961) . The entire disclosures of these references are 
hereby incorporated by reference. 

Distyrylarylene derivatives such as those described 
in Hosokawa et al. are a preferred class of compounds. 
Other preferred OLEDs are described in the copending 
applications discussed below. 

The deposition of electrical contacts (25) may be 
accomplished by vapor deposition or other suitable metal 
deposition techniques. A preferred method of depositing 
such contacts is by ink jet printing as disclosed, for 
example, in U.S. Patent Nos. 4,668,533, 5,132,248 and 
5,266,098, the disclosures of which are hereby 
incorporated by reference in their entireties. These 
electrical contacts may be made from indium, platinum, 
gold,, silver, or- combinations -suchr as Ti/Pt/Au, .Cr/Au: or 
Mg/Ag. Mg/Ag contacts are preferred. 

The embodiments discussed above in connection with 
Figure 2 have substantially the same device structure, 
the primary difference being that the light emitting 
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applications U.S. Serial Nos . 08/354,674; 08/613,207; 
08/632,316; 08/632,322; 08/693,359; 60/010,013; and 
60/024,001; and each is also herein incorporated by 
reference in its entirety. 

The following Examples are merely illustrative of 
the pre"°nt invention and are in no wa" intended to limit 
the scope of the present invention. 

Example 1 : Generating a passive picture to be back lit 
with UV. 

In order to print a fluorescent image or pixel array 
with an ink jet printer or other ink delivery system, the 
inks are first prepared to match the optimal viscosity 
and other solution properties of the chosen printer. 
These inks consist of a carrier solvent, roughly 1-10 
weight % matrix material and 0.001 - 0.05 weight % 
fluorescent dye. The dye is chosen to achieve a desired 
hue (typically red, green or blue) and the matrix 
material is chosen to give a stable film which supports 
the dyes and prevents aggregation. The three wells of 
the printer are charged with the red, green and blue 
inks. The image is printed directly onto a polymeric or 
-glass substrate. The inks are mixed by the ink jet 
printer at earh pixel, if needed to achieve the 
appropriate color. The brightness at each pixel is 
adjusted by varying the total amount of ink deposited at 
each pixel. A small amount of ink will allow most of the 
irradiating light to pass through the film giving very 
little visible light. A larger amount of ink deposited 
will give a significant absorbance and thus a relatively 
larger amount of visible light from dye fluorescence. 
The color of each pixel is strictly determined by the 
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organic multilayers are chosen to match the output of the 
OLEDs to the absorption spectra of the chosen red, green 
and blue dyes, and are well known to those skilled in the 
art of fabrication or organic light emitting devices, A 
mask is then applied and a film of a low work function 
metal is deposited above each pixel defined by the ink 
jet printer. Applying a bias between the conductive film 
and the metal electrode gives light which stimulates the 
dye region giving red, green and blue emission. The 
brightness at each pixel is controlled by setting the 
current level at the OLED. The color of a given pixel is 
controlled by the ratio of red to green to blue 
fluorescent dyes in the film. 

Example 3 . Generating a pixel array back lit with OBLEDs . 

To print a fluorescent image or pixel array with an 
ink jet printer or other ink delivery system, the inks 
are . first prepared to match the optimal viscosity and 
other solution properties of the chosen printer. These 
inks consist of a carrier solvent, roughly 1-10 weight % 
matrix material and 0.001 - 0.05 weight % fluorescent 
dye. The dye is chosen to achieve a desired hue (red and 
green) and the matrix material is chosen to give a stable 
film which supports the dyes and prevents aggregation. 
The wells of the printer are charged with the red and 
green inks. The image is printed directly onto a 
polymeric or glass substrate. The printer is used to 
deposit individual red and* green fluorescent elements on 
the substrate. The thickness of the red and green 
fluorescent films are chosen to achieve a transparency of 
less than 10% at the intended irradiation wavelength. A 
layer of transparent conducting material is then applied 
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CIAIMS: 



1 1. A display, comprising: 

2 

3 a transparent substrate; 
4 

5 fluorescent dye-containing material deposited 

6 in a dye layer onto said substrate by ink jet 

7 printing; and 
8 

9 a source of radiation for illuminating said 

10 fluorescent dye. 

1 2. The display of claim 1, wherein 

2 

3 said substrate has a front side and a rear 

4 side, said substrate being transparent to 

5 ultraviolet radiation; 
6 

7 said fluorescent dye-containing material is 

8 provided on the front side of the substrate; 

9 and 
10 

11 said source is positioned to illuminate the 

rear side of the substrate. 

1 3. The display of claim 1, wherein said substrate is 

2 transparent to visible radiation and said 

3 fluorescent- dye-containing material is deposited 

4 onto said substrate in a pattern forming a plurality 

5 of light emitting regions, at least a portion of 

6 said light emitting regions comprising one or more 

7 fluorescent dyes selected from a red fluorescent 
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9 directly emits blue light in each of the blue 

10 light emitting regions, and said organic blue 

11 light stimulates the fluorescent dye in each of 

12 the red and green light emitting regions. 

1 7. The display of claim 3, wherein said transparent, 

2 conductive layer comprises indium-tin oxide. 

1 8. The display of claim 1, wherein said fluorescent 

2 dye-containing material comprises one or more 

3 fluorescent dyes and a matrix material. 

1 9.' The display of claim 8, wherein said dye is present 

2 in an amount ranging from about 0.1 to about 6 wt% 

3 relative to said matrix material. 

1 10. The display of claim 8, wherein said matrix material 

2 is selected from polymethylmethacrylate, 

3 polyvinylcarbazole,. polybutadiene, polyesters and 

4 N,N'-diphenyl-N f N'bis (3-methylphenyl) -1, 1'- 

5 biphenyl-4 , 4 ' -diamine . 

1 11. The display of claim 1, wherein said substrate is 

2 selected from glass and polyester. 

1 12. A method for creating a display, comprising the 
,>2^ steps of: 

3 

4 providing a transparent' substrate; • - 

5 

6 depositing an ink comprising a fluorescent dye 

7 onto said substrate, said depositing occurring 

8 by ink jet printing; and 
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17 forming an electrical contact in contact with 

18 said organic blue light emitting device. 

1 15. The method of claim 14, wherein said light emitting 

2 regions comprise red, green and blue light emitting 

3 regions arranged in a predetermined configuration. 

1 16. The method of claim 15, wherein said red, green and 

2 blue light emitting regions are arranged in pixels, 

3 each pixel comprising one red light emitting region, 

4 one green light emitting region and one blue light 

5 emitting region, and wherein said electrical contact 

6 contacts said organic blue light emitting device in 

7 each of said red, green and blue light emitting 

8 regions. 

1 17. The method of claim 15 wherein each of said red 

2 light emitting regions comprises a red fluorescent 

3 dye region and each of said green light emitting 

4 regions comprises a green fluorescent dye region; 

5 and wherein said organic blue light emitting device 

6 directly emits blue light in each of the blue light 

7 emitting regions, and said organic blue light 

8 stimulates the fluorescent dye in each of the red 

9 and green light emitting-. .regions 

1 18. The method of claim 12, wherein said ink comprises 

2 one or more fluorescent dyes, a matrix material and 

3 a liquid carrier medium. 

1 19. The method of claim 18, wherein said ink comprises 

2 from about 2 to about 7 wt% matrix material. 
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